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$\frac{\partial\rho}{\partial t}$ $=$ $- \frac{\partial(\rho u_{i})}{\partial x_{i}}$ , (1)
$\frac{\partial(\rho u_{i})}{\partial t}$ $=$ $- \frac{\partial(\rho u_{ij}u)}{\partial x_{j}}-\frac{\partial p}{\partial x_{i}}+\frac{2}{Re}\frac{\partial}{\partial x_{j}}1^{s_{ij}-}\frac{1}{3}\delta_{ij}(\frac{\partial u_{k}}{\partial x_{k}})\}+\rho f_{i}$, $(i=1,2,3)$ (2)
$\frac{\partial E_{\mathrm{T}}}{\partial t}$ $=$ $- \frac{\partial}{\partial x_{i}}[(E_{\mathrm{T}}+p)ui]+\frac{1}{M_{0^{2}}PrRe(\gamma-1)}\frac{\partial^{2}T}{\partial x_{i}\partial_{X_{i}}}$
$+ \frac{2}{Re}\frac{\partial}{\partial x_{j}}\{u_{j}[S_{ij}-\frac{1}{3}\delta_{i}j(\frac{\partial u_{k}}{\partial x_{k}})]\}+\rho u_{i}f_{i}$,
$p$ $=$ $\frac{1}{\gamma M_{0}^{2}}\rho T$ (4)
$E_{\mathrm{I}}$ $=$ $\frac{p}{\gamma-1}$ (5)
$E_{\mathrm{T}}$ $=$ $E_{\mathrm{K}}+E_{\mathrm{I}}= \frac{1}{2}\rho u_{i}u_{i}+\frac{p}{\gamma-1}$ (6)
(1) $-(6)$
$|k_{i}|\leq 1,$ $i=1,2,3$ $N^{3}=64^{3}$
$Re=400,$ $Pr=0.7,$ $M_{0=}\sqrt{2},$ $\Delta t=0.05$
$t\geq 75$
( – )
: $\epsilon=\epsilon_{\mathrm{C}}+\epsilon_{\mathrm{R}}=\frac{4}{3}\langle(\nabla\cdot u)^{2}\rangle+\langle(\nabla \mathrm{x}u)^{2}\rangle$ , $\frac{\overline{\epsilon_{\mathrm{C}}}}{\overline{\epsilon_{\mathrm{R}}}}\simeq$ 0.43,
1
921 1995 171-181 171
::
$R_{\lambda}=\sqrt{\frac{5Re}{3\epsilon}\langle\rho\rangle}\langle|u|^{2}\rangle$ , $\overline{R_{\lambda}}\simeq 35$ ,




$E_{\mathrm{K}}(k, t)$ $w=\sqrt{\rho}u$ $w(x, t)$
$E_{\mathrm{K}}(k, t)$ $=$
$\sum_{k-\frac{1}{2}\leq|k|<k+\frac{1}{2}}\frac{1}{2}|\overline{w}(k, t)|2=[\frac{1}{2}|\overline{w}(k, t)|2]_{s_{k}}$ (7)
–
$\sqrt{E_{\mathrm{I}}(x,t)}=\sum_{k}e_{\mathrm{I}}(\sim k, t)\exp[\mathrm{i}k\cdot x]$ , $E_{\mathrm{I}}^{\mathrm{S}}(k, t)=[|\overline{e}_{\mathrm{I}}(k, t)|2]_{s}k$ (8)
(1) $-(6)$ $w$
$\frac{\partial w(x,t)}{\partial t}$ $=$ $A(x, t)+P(x, t)+D(x, t)+F(x, t)$ , (9)
$A(x, t)$ $=$ $-[(u \cdot\nabla)w+\frac{1}{2}w(\nabla\cdot u)]$ , (10)
$P(x, t)$ $=$ $- \frac{1}{\sqrt{\rho}}\nabla p$ , (11)
$D(x, t)$ $=$ $\frac{1}{\sqrt{\rho}}\frac{2}{Re}\frac{\partial}{\partial x_{j}}(S_{ij}-\frac{1}{3}\delta_{ij}\nabla\cdot u)$ , (12)
$F(x, t)$ $=$ $\sqrt{\rho}f$ . (13)
(
) (7) $($ $C)_{\text{ }}$ ( $R$) (
)
$\frac{\partial E_{\mathrm{K}}^{\alpha}(k,t)}{\partial t}$ $=$ $A^{\alpha}(k, t)+P^{\alpha}(k, t)+D^{\alpha}(k, t)+F^{\alpha}(k, t)(\alpha=C, R, T)$ (14)
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$k$
$\frac{d}{dt}\langle E_{\mathrm{K}}^{\alpha}\rangle$ $=$ $\{A^{\alpha}\rangle+\langle P^{\alpha}\rangle+\langle D^{\alpha}\rangle+\langle F^{\alpha}\rangle$
$\frac{d}{dt}\langle E_{\mathrm{I}}\rangle$ $=$ $-\langle P^{\mathrm{T}}\rangle-\langle D^{\mathrm{T}}\rangle$ .
$\langle A^{\alpha}\rangle$ $=$
$\sum_{k}A^{\alpha}(k, t)$ , $\langle P^{\alpha}\rangle=\sum_{k}P^{\alpha}(k, t)$ ,
$\langle D^{\alpha}\rangle$ $=$
$\sum_{k}D^{\alpha}(k, t)$ , $\langle F^{\alpha}\rangle=\sum_{k}F^{\alpha}(k, t)$
$\langle A^{\alpha}\rangle$
$\langle A^{\mathrm{T}}\rangle=\langle A^{\mathrm{C}}\rangle+\langle A^{\mathrm{R}}\rangle=0$ (15)
$\langle P^{\mathrm{T}}\rangle=\langle p\nabla\cdot u\rangle$ pressure-dilatation term
$\langle E_{\mathrm{I}}\rangle=\Sigma_{k}E_{\mathrm{I}}(k$, $\langle E_{\mathrm{I}}(x, t)\rangle 0=E_{\mathrm{I}}^{\mathrm{S}}(0, t)$
$\langle E_{\mathrm{I}}(x, t)\rangle_{1}=\Sigma k\neq 0E^{\mathrm{S}}\mathrm{I}(k, t)$
3
3.1
1(a) $\langle E_{\mathrm{K}}^{\mathrm{C}}\rangle\text{ }$ $\langle E_{\mathrm{K}}^{\mathrm{R}}\rangle\text{ }$ $\langle E_{\mathrm{K}}^{\mathrm{T}}\rangle$ ( $E_{\mathrm{I}}\rangle$
– $\langle E_{\mathrm{K}}^{\mathrm{C}}\rangle$ $\langle E_{\mathrm{I}}\rangle$
$\langle E_{\mathrm{I}}\rangle_{0}$ $\langle E_{\mathrm{I}}\rangle_{1}$
$1(\mathrm{b})$ $\langle E_{\mathrm{I}}\rangle_{0}$ –
– $\langle E_{\mathrm{I}}\rangle_{1}$ $\langle E_{\mathrm{K}}^{\mathrm{C}}\rangle$
.
$\langle A^{\mathrm{T}}\rangle,$ $\langle P^{\mathrm{T}}\rangle$ $\langle D^{\mathrm{T}}\rangle$ 2 (15)
$\langle A^{\mathrm{T}}\rangle$ $\langle P^{\mathrm{T}}\rangle$ 1(b)
$\langle E_{\mathrm{I}}\rangle_{1}$ $\langle E_{\mathrm{K}}^{\mathrm{C}}\rangle$ 4
$\langle P^{\mathrm{T}}\rangle$ $\langle P^{\mathrm{C}}\rangle$
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3.2
3 $\overline{E_{\mathrm{K}}^{\mathrm{C}}(k,t)}$ ( $\cross$ )
$\overline{E_{\mathrm{K}}^{\mathrm{C}}(k,t)}$ ( $+$ ) $\overline{E_{\mathrm{I}}(k,}$t)( )
3 $4(\mathrm{a}),(\mathrm{b})$ 3








$[E_{\mathrm{K}}^{\mathrm{C}}(k, t)-\overline{E^{\mathrm{c}}(\mathrm{K}k,t)}]/(\overline{E_{\mathrm{K}}^{\mathrm{C}}(k,t)^{2}})^{\frac{1}{2}}$ , (16)
$e_{\mathrm{I}}(k, t)$ $=$
$[E_{\mathrm{I}}(k, t)-\overline{E\mathrm{I}(k,t)}]/(\overline{E_{\mathrm{I}}(k,t)^{2}}\mathrm{I}^{\frac{1}{2}}$ , (17)
$\pi^{\mathrm{C}}(k, t)$ $=$
$[P^{\mathrm{C}}(k, t)- \overline{P^{\mathrm{c}}(k,t)}]/(P^{\mathrm{C}}(\neg k, t)^{2}\frac{1}{2}$ (18)





( 6) 6 (19) $5(\mathrm{c})$
3.3
$(1, 0,p_{\mathrm{A}})$ ( $\rho’,$ $u_{P’)}$,
$\frac{\partial^{2}p’}{\partial t^{2}}$
$=$ $\frac{c^{2}}{M_{0}^{2}}\frac{\partial^{2}p’}{\partial x_{ii}\partial_{X}}$ (20)
–
$p’(k, t)\sim=\alpha\exp[\mathrm{i}\omega t]+\beta\exp[-\mathrm{i}\omega t]$ , $\omega=\pm\frac{c}{M_{0}}k$ (21)
$P^{\mathrm{T}}(k, t)\simeq-2\Re[\overline{u}^{*}(k, t)\cdot\overline{\nabla p}(\prime k, t)]_{S}k$
$=- \frac{4k^{2}}{\omega}s\propto\{\alpha^{*}\beta\exp[-2\mathrm{i}\omega t]\}$ (22)
$\tau=\frac{2\pi}{2\omega}=\frac{\pi}{(c/M_{0})k}$ . (23)
$\langle c/M_{0}\rangle=0.8$ $\tau\simeq 3.9/k$
(19)
$\omega=\frac{c}{M_{0}}k+v_{0}\cdot k$ (24)
$| \omega-\langle\frac{\overline c}{M_{0}}\rangle k|<(\overline{\langle(\frac{c}{M_{0}}-\langle\frac{c}{M_{0}}\rangle)^{2}\rangle}k^{2}+\overline{\langle v_{0}\cdot k\rangle^{2}}\mathrm{I}^{\frac{1}{2}}$ (25)
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